Neutron Flux and Cadmium Ratio Measurement of the Co-axial Cylindrical Neutron Generator
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The D+D compact neutron generator (NG) at Lawrence
Berkeley National Laboratory (LBNL) has been a key inter-
est for various neutron based researches and analytical appli-
cations. Neutron activation analysis (NAA) and prompt
gamma neutron activation analysis (PGNAA) are two widely
used non-destructive nuclear methods for major and trace
elemental determination in different matrix samples through
neutron induced reactions. The knowledge of neutron flux
(n.cm™sec™) data at different energies is important for any
sample analysis by NAA and PGNAA methods. The cad-
mium ratio is an important parameter for neutron spectrum
characterization, useful both for NAA and neutron radiogra-
phy experiments. We have measured the neutron flux for
thermal and fast neutrons using the *In(n,y)***"In and
In(n,n’)***™In (threshold E,=0.5 MeV/[1]) reactions, respec-
tively, at different locations around the neutron generator.

The compact D+D neutron generator is surrounded by a
30 cm thick shielding of polyethylene that serves also as
moderator, on all sides except the aluminum base. Half of
the shielding is fixed and the other half is movable for access
to the neutron generator. Open space around the cylindrical
(radius ~15 cm) neutron generator is available inside the
shielding. A pneumatic irradiation facility is installed beside
the neutron generator for short lived radioisotope determina-
tion. A polyethylene plug, =13 cm in diameter, faces the
neutron generator through the shielding in one side. Indium
wire of 99.9% purity and ~<1 mm diameter was coiled into a
~1.25 cm diameter disk. Five coils weighing from 1.285- to
1.654-g were placed for irradiation at the pneumatic termi-
nal, at the inside shielding wall, on top of the neutron genera-
tor, and the remaining two on the access plug facing the neu-
tron generator with and without the cadmium cover of ~1
mm thickness. Indium coils were irradiated for 4 hours with
a 40 mA deuteron beam current and 80-kV acceleration po-
tential. The growth of D+D neutrons was monitored by a
neutron detector coupled to a screen display, and steady state
neutron production was reached within 15 minutes.

Irradiated samples were counted with an HPGe spectrome-
try system at building 88, LBNL, for gamma rays. A partial
gamma ray spectrum is shown in FIG. 1. The neutron flux
was determined from the well known activation equation:

A, =nogll—e ™)
where, A, = radioisotope activity at the end of irradiation, n =
# of target nuclei, o = cross section, ¢ = neutron flux, A =
decay constant, and t=irradiation time. The end activity, A,,
was calculated using the following equation:

AD — A/N o — EC/{I yg(e_l(tcs_tie) _ e_l(tce_tie))}__(z)
where, N, = number of product nuclei at the end of irradia-

tion, tg, te, tie = counting start, counting end, and irradiation
end times, respectively, C = net area, under the peak for a

counting duration (t -
¢ = detector efficiency.

te), I, = gamma ray intensity, and
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FIG. 1: Partial gamma ray spectrum of the "*"In decay.

For determining the thermal and fast neutron fluxes, aver-
age cross sections of 162.3 barns [2] and 0.3 barn (estimated
average for 2— to 3—-MeV neutrons), respectively, were used
in equation (1). The deduced results of the neutron flux are
presented in Table 1.

The ratio of the @In(ny)"®"In reaction rates
(RR), AO = ng¢, Wit[]out and with the Cd cover gives a
cadmium ratio (R=RR g/RR¢g) of 9. Usually for a 1-mm
thick Cd shielding, all neutrons with energies <0.5 eV are
absorbed.

Table 1: Neutron flux (n.cm™.sec™) at different locations
around the NG, uncertainty ~20%.

Sample Distance from the | Thermal Fast neu-
location center of the NG neutron tron (>0.5
cylinder flux MeV) flux
Pneumatic ~28.2 cm 1.1E+04 1.4E+05
terminal
Inner ~26.2 cm 1.3E+04 1.0E+05
shielding
Top of the 1.1E+04 1.5E+05
NG

The thermal neutron flux is found to be consistent with an
earlier report [3]. A simple estimate of the total neutron pro-
duction from the measured fast neutron flux using the 1/4xr?
term implies ~10° n/sec at the central point of the neutron
generator. Theoretical verification of the experimental results
will be done at a future time using the MCNP code.
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